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Read December 7, 17&6. 

THE culmination of Saturn was obferved with a 6- feet 
achromatic tranfit-inftrument, and the planet compared 
with and %■. of Sagittarius, whofe apparent right-afcenfions iu 
the middle of Auguft 1784 were 282 56' 54" and 284 14/ 
33". The meridian altitude was obferved with a 6-feet mural 
quadrant. The original obfervations are to be published in the 
fecond volume of my Aftronomical Obfervations* From thofe 
are calculated the right-afcenfion and declination, the geocen- 
tric longitude and latitude* of Saturn, which are to be depended 
upon to 4 or 6 feconds. Thofe obferved longitudes and lati- 
tudes are compared with the tables of Dr. Halley and of M.. 
de LA Lande. In the errors of the tables 4* fignifies that 
the longitude of the tables is lefs than the obferved longitude ; 
and the meaning of - is, that the calculated longitude is 
greater than the obferved. It ought to be obferved,. that the 
heliocentric longitudes of Dr. Halle y's Tables have been cor- 
rected for the perturbations after the principles of M. Lambert- 
(Memoires de Berlin, pour 1783, p. 216. and Collection des 
Tables Aftronomiques de Berlin, torn. II. p. 269.) 
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In order to reduce the obferved geocentric longitude to the 
fun, or by obfervation to find the heliocentric longitude, it is 
required to know the angle at the planet =p.' IPthis angle is 
calculated in the common way only by the tables, there will 
arife fome difference, according to the different elements and 
the different conftru&ions of the tables. Thus, at the time of 
Saturn's culmination, this angle is found the 12th of July, by 
the tables of Dr. Halley = o° 3' 1 3", and by the tables of 
M. de la Lande =o° 2 / o /f j the 8th of Auguft by Halley 
= 2° 43' 35 // , and by M. de la Lande = 2 42' 34" ; the 
a;th of Auguft after Dr. Halley =4° 14' 15", and after 
M. de la Lande =4° 13' ^j". To avoid thofe differences, 
which often may alter the heliocentric longitude more than 
one or two minutes, the following method may be ufeful. 
The heliocentric longitude of the earth, calculated after the*" 
tables of M. Mayer, is to be depended upon to eight or ten 
feconds. From the heliocentric longitude of the earth,, and from 
the obferved geocentric longitude of the planet, corrected for the 
aberration and nutation, is deduced the angle at the earth =/, 



or 



the defending Node of Saturn. 3p 

©r thediftance between the fun and the planet feen from the earth. 
The dimensions of the elliptical orbit of the planet are fo. far as- 
certained, that the logarithms of the diftance from the fun have' 
not any material difference in the different tables. From the angle 
;/, the diftance *of the earth from the fun, and the diftance of the 
planet from the fan, the angle p is calculated to a fufficient 
degree of accuracy. Thus, the 1 2th of July, by the diftances 
of Dr. Hai ley, p — o" %' 59", and by the diftances of M. 
de la Lan.de = o° 2 / $9" I the 8th of Auguft after Dr. 
Halley p=iz"^' 25", and after M* de la Lande^=:; 
2° 43' 36"; the 27th of Auguft after Dr. Halley p = 
4 n 14' io // , and after M. de la Lande p= "4" 14' 28". The 
difference very feldom will amount to 20 feconds, and is of no 
cotifequence in this matter. From the obferved geocentric 
latitude of the angle at the fun = -J, and the angle at the 
earth =7, the heliocentric latitude of the planet is found =»■••■ 

tang. lat. geoc, X fin, j 
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When two- heliocentric longitudes* 
and the correfponding northern and 
fouthern latitude are given, the diftance 

of 
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•of the node from one of the longitudes or places may he 
found. Let DE be the ecliptic, AF the orbit of the planet, 
N the node, DE the difference between the two obferved he- 
liocentric longitudes = a y EF the fouthern latitude = /3, AD 
the northern latitude = b, NE the diftance of the node from the 
.heliocentric place at E, and correfponding to the fouthern 
-latitude = x. In the fpherical triangles ADN and FEN, 

■ i" : (a ~, =zcot. N— ■ " ' ' •*;,. By placing; the value of fin. (a-x) 

tang, b tang. £ J *■ ° , 

. . fin. a . cof. x— fin. * . cof. a fin.* ^ r\ • 

m the equation -. = - a . Bv reiolving 

T tang, b tang. ° 

rt- • fin.* A fin. a. tang. & 

this equation — 7—= tang. x = r-. — ? — -„. 

1 cof. A' & tang. £-f-coi. a .tang, fs 

If a y h, and /3, are very fmall arcs, which commonly is 
the cafe with the planets, then fin. a — a, tang. iS = jQ, tang. 
b — b.y and cof. a = 1 . Hence the fpherical formula will be 

transformed into another x = -p— . This formula belongs to 

plane geometry, and may befides be thus demonstrated. DN : NE 
1 =AD:EF. Hence DN + NE :NE= 

N K AD + EF : EF; and NE = ?-^H. If 



the difference of the longitudes do not 
exceed one degree, and the latitudes are not greater than ten 
minutes, the fpherical and the rectilineal formula will agree to 
very few feconds. Small faults in the longitude will not very 
much alter the true place of the node ; but very fmall errors 
in the latitude are of great confequence. Let the error in ther 

fouthern heliocentric latitude be FG = 
+ d. The error in the northern latitude 
AH=-i/. Hence DH:D»=GE:E», 

and E«=ltf±f2. By fubtrading EN 
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the defctnilng Node of SaturfU 4t 

, the error in the heliocentric longitude of the node* 



nil 

N^ =: - — . If the fault in the fouthern latitude = — ^ in the 

northern latitudes + d, the fame formula is frill true; but 
then EN^E*?, and the place of the erroneous node will Be 
between E and N. In both cafes the errors in the place of 
the node are directly as the errors in the latitudes. 
^ Let us now fuppofe, that only the 

N E one latitude is erroneous =*=*/» Then 

rh) = (HV=£(*+g) ' In the cafe 

when the error in both latitudes is pofitive = + d, and @t?& t or 
/3^£, the refulting error in the place of the node = 

; — -- ii^ ' ~j/} : 6X > * n tne ca ^* e when the error in both latitudes is 

negative - d, and fiyb, or /3^£, then the error in the node = 

— * i"*~ ,, , „ • . In thofe two cafes the error is lefs than in 

(b-{-0) z -2d{b+@) 

any of the former, and quite nothing when <S=/3. If the 
radius of the inftrument, with which„the meridian altitudes are 
obferved, is given, the quantity of d is alfo given. In a 
mural quadrant of 6 or 8 feet */= 5 or 3 fecondsi Take a== 
34/ 3", b± 56", /3 = 27", </= 5 // , and the error in thefoutherri 

latitude + d, in the northern ± -*d; then N« = - .. ."■? , - — 
3' 1 2". Take now the error only in the fouthern latitude 

= +</; tbenN» = ^^-'=i / i8-' / ; in the cafeof -d; N» = 

7304 

l . 7^ °^P- = i 7 28 V/ . From hence it appears, that in comparing 
Vol. LXXVII. G two 
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two Angle obfervations, it fcarce will be poffible to avoid a fault 

of :±: 2 minutes in the place of the node. 

If the inftrument is of a lefs force than a mural quadrant of 
6 feet, and the poffible faults in the altitudes greater, for 
example, ro or 15 feeonds, the reful'tiug error in the place of 
the node may very eafily be calculated- but the error in the 
node will be enormous, and the obfervations of no ufe for a, 
nice aftronomer. 
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This mean agrees pretty well with the obfervations on the 
21ft, 27th, and 3.1ft of Auguft, .which are neareft the node r 
and moil to be depended upon. 

The 21ft of Auguft, at ph. 12' 2 1" true time at Co- 
penhagen, the heliocentric longitude of Saturn = 9 s. 2 1°49 / 2^ / "% 
and the diftance from the node = 41". The 27th of Auguft, at 
8 h. 49' 23", the heliocentric longitude = 9 s. 22 c/ \i''.% 
therefore, in 5 days 23 h. 36' fl" Saturn has defcribed an arc 
of k/ 45'"', and ro / 45 // : 5d. 23 b. 36' 57 // = 4i // : ». Hence 
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Saturn has fpent 9 h. 7' 44" in going through thofe 4'i //; ; and 
Saturn's pajfage through the node happened Augttfi 21, 1-84, #f, 
1 8 h. 20' 1 o' / , # ?z^/ Afo heliocentric longitude of his depending node 
= 95. 21° 50' 8 V ,5. The errors in the place of the node are 
relative to the tables of Dr. Halley + 1 $' 39", to the tables 
of M. Casini + 16' 4", and to the tables of M. de la 
Lande 4- \' 31". 

In the foregoing computation of Saturn's heliocentric longi- 
tude from the tables of Dr. Halley, this longitude has been 
corrected for the perturbation after the principles of M. Lam* 
bert. Though the geocentric places, calculated in this man- 
ner, will agree flill better with the obfervations than without 
thofe perturbations* iieverthelefs they are only empiric, and not 
founded upon the theory and principles of gravitation \ I (hall 
therefore conclude this Paper, by adding the faults in the helio- 
centric places of Saturn, calculated only and directly from the 
tables of Dr. Halley, which may be of fome ufe to improve 
thofe valuable tables^ 
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